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Interstitial and glomerular immune cell populations in
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Interstitial and glomerular immune cell populations in idiopathic
nephrotic syndrome. Tissue samples from patients with idiopathic
nephrotic syndrome [seven with minimal change (MC) and seven with
mesangial proliferation (MP)I were examined for evidence of interstitial
and glomerular immune cell infiltration using monoclonal antibodies to
identify T cells (OKT3, TA-I), T cell subsets (OKT4, OKT8), B cells
(BA-I), and monocytes and null cells (0KM 1) by indirect immunofluo-
rescence. A nuclear counterstain permitted precise enumeration of
reactive and unreactive cells in comparison with five normal tissue
samples, eight endstage (ES) tissue samples, and five tissue samples
from patients with miscellaneous (misc) types of nephrotic syndrome.
Interstitial cell populations in MC and MP were similar to normals
except for an increase in OKMI reactive cells in MP. ES had more
numerous interstitial cells reactive with each of the monoclonal anti-
bodies than did normal, MC, or MP. Reactive glomerular cells were
most numerous in MP, intermediate in MC but only rarely observed in
normal tissue samples. Most identifiable glomerular cells reacted with
OKT3 or 0KM 1. T-cell subset populations in MC and MP glomeruli
were similar. These studies reveal the presence of infiltrating immune
cells in the glomeruli but not the renal interstitium of patients with
idiopathic nephrotic syndrome. Whether these cells mediate proteinuria
or simply mark tissue injury remains to be discerned.
Populations cellulaires immunes interstitielles et glomerulaires an cours
du syndrome néphrotique idiopathique. Des exemples des tissus proven-
ant de malades atteint du syndrome nphrotique idiopathique [sept avec
lesions minimes (MC) et sept avec proliferation mdsangiale (MP] ont été
examines pour mettre en evidence une infiltration de cellules immunes
interstitielles et glomerulaires en utilisant des anticorps monoclonaux
afin d'identifier des cellules T (OKT3, TA-l), les sous-populations
cellulaires T (OKT4, OKT8), les cellules B (BA-I), les monocytes et les
cellules neutres (OKMI) par immunofluorescence indirecte. Une contre
coloration nucléaire permettait une numeration precise des cellules
réactives et non réactives, par comparaison avec cinq exemples des
tissus normaux, nuit exemples des tissus en phase terminale (ES) et
cinq exemples des tissus provenant de malades atteints de divers (misc)
types de syndrome nephrotique. Les populations cellulaires intersti-
tielles chez les MC et MP étaient identiques au normaux, a l'exception
d'une augmentation des cellules OKMI réactives chez les MP. ES avait
des cellules interstitielles plus nombreuses réagissant avec chacun des
anticorps monoclonaux que les normaux, les MC, ou MP. Les cellules
glorfierulaires réactives étaient plus nombreuses chez les MP, intermé-
diaires chez les MC, et seulement rarement observées dans les exem-
pIes des tissus normaux. La plupart des cellules glomerulaires identifia-
bles reagissaient avec OKT3 ou 0KM 1. Les sous-groupes de popula-
tions cellulaires T dans les glomerules MC et MP étaient identiques. Ces
etudes révélent Ia presence de cellules immunes infiltrantes dans les
glomérules mais non dans l'interstitium renal de malades atteints de
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syndrome nephrotique idiopathique. Que ces cellules participent a Ia
protéinurie, ou simplement reflètent La lesion tissulaire reste a étre
prdcisé.
Idiopathic nephrotic syndrome has been associated with
aberrations of T lymphocyte function [1—6]. Cell mediated
immunity has been implicated in the pathogenesis of the disease
[1, 2, 7, 8], despite the apparent absence of lymphoid cells in
kidneys examined by routine light microscopy [91. The recur-
rence of nephrotic syndrome in certain renal graft recipients
[10, 11] suggests that circulating factors may have pathogenetic
importance. However, immunohistochemical investigation has
failed to detect specific patterns of immunoprotein and comple-
ment deposition [9].
Recent investigations demonstrate that normal mesangium in
rats and glomerular crescents in humans are populated by cells
having functional properties of mononuclear phagocytes [12—
141. Could these cells or other mononuclear cells not evident by
routine light microscopy mediate the occurrence of this
syndrome?
Monoclonal antibodies reactive with functionally defined
populations of lymphohemopoietic cells have been used to
identify interstitial cells in renal graft rejection [15] and intersti-
tial nephritis [16]. We report herein an investigation of mononu-
clear cells residing in the glomeruli and interstitium of tissue
samples from patients with idiopathic nephrotic syndrome using
monoclonal antibodies to identify and enumerate cells in situ.
Methods
Source of tissue. Thirty-two renal tissue samples obtained by
percutaneous renal biopsy (19 tissue samples), nephrectomy
(eight tissue samples), and allograft donor biopsy (five tissue
samples) were studied. The 32 tissue samples were allocated
into five histopathologic groups: (1) idiopathic nephrotic syn-
drome with minimal glomerular change (MC) (seven tissue
samples—four males, three females, ages 5 to 32 years); (2)
idiopathic nephrotic syndrome with mesangial proliferation
(MP) (seven tissue samples—three males, four females; ages 6
months to 30 years); (3) endstage (ES) kidney disease consisting
of one tissue sample each from patients with oxalosis and
familial nephritis; and two tissue samples each from patients
with congenital nephrotic syndrome (CN), membranoprolifera-
tive glomerulonephritis, type I (MPGN), and nephrotic syn-
drome with focal glomerulosclerosis (FGS); (4) miscellaneous
88
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disorders without ES disease consisting of three tissue samples
from patients with MPGN and one each with FGS and CN; (5)
normal allograft donor tissue (five tissue samples). Histopatho-
logic designations were based on analysis of light, electron, and
routine immunofluorescence microscopy.
Monoclonal antibodies were used which identify T cells
(OKT3), T cells and monocytes (TA-i), B cells (BA-l), mono-
cytes and null cells (0KM!), helper T cells (OKT4), suppres-
sor/cytotoxic T cells (OKT8), and activated lymphocytes
(OKT1O). OKT4, OKT8, OKT1O, and OKM1 were obtained
from Ortho Pharmaceutical, Inc., Raritan, New Jersey, and
TA-i and BA-i from T. W. LeBien, University of Minnesota,
Minneapolis, Minnesota. In addition a mixture of fluorescein
isothiocyanate conjugated (FITC) F(ab')2 goat antihuman IgD
(b chain) and FITC F(ab')2 goat antihuman 1gM ( chain)
(IgD,M) (NL Cappel Laboratories, Inc., Cochranville, Pennsyl-
vania) was used to detect cell surface 1g.
The preparation and staining of tissue sections for immuno-
fluorescence has been previously described in detail [l5j.
Briefly, 4- frozen tissue sections prepared with a Lipshaw
cryostat were sequentially air-dried, acetone-fixed, washed
with phosphate-buffered saline (PBS), (pH 7.4), and then react-
ed with appropriate dilutions of monoclonal antibodies. After
incubation and a brief PBS wash, sections were reacted with
human plasma absorbed FITC F(ab')2 rabbit antimouse IgG
(heavy and light chains), incubated, washed with PBS and then
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Fig. i. Interstitial cells (ICS) reactive by
immunofluorescence with monoclonal
antibodies OKT3 (T cells), TA-i (T cells and
monocytes), OKT4 (helper Tcells), OKT8
(cytotoxicisuppressorT cells), 0KM!
(monocytes and null cells), BA-i (B cells),
OKT1O (activated lymphocytes), and with
antihuman IgD and 1gM (IgD,M) per 100
interstitial cells in tissue samples from normal
individuals (N); and patients with idiopathic
nephrotic syndrome with minimal glomerular
change (MC) and mesangial proliferation
(MP); with endstage kidneys (ES); and
miscellaneous types of nephrotic syndrome
(MISC). Proportions indicated for ES tissue
samples are greater than those in N, MC, and
MP (P < 0.05). The proportion of interstitial
cells in MP reactive with OKMI is greater
than N or MC (P < 0.05).
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reacted with human plasma absorbed FITC F(ab')2 goat anti-
rabbit IgG (heavy and light chains) (NL Cappel). After a final
incubation and PBS wash, ethidium bromide was applied to
stain nuclei, and a coverslipping solution of p-phenylenedia-
mine in PBS-glycerol was applied to retard fluorescence fading
as previously described [17].
Control sections for each tissue sample were prepared using a
double fluorochrome layer as described above without prior
application of monoclonal antibodies.
Immunofluorescence microscopy and data analysis. Sections
were examined with a Zeiss Universal microscope (Carl Zeiss
Inc., New York) equipped for epifluorescence with appropriate
filters, dicroic mirrors and a 10 x 10 mm ocular indexing grid at
x788.
In each of 30 to 55 fields per section reactive cells (apple-
green fluorescent plasma membrane and orange-red nucleus) in
the interstitium, interstitial cells (nucleated cells not located in
tubules, glomeruli, or arteries) and total cells (interstitial cells
and tubular cells) were enumerated as previously described
[15]. Polymorphonuclear leukocytes and nuclear fragments
were excluded. These data are expressed as positive cells per
100 interstitial cells or as positive cells per 100 total renal cells
(excluding glomeruli and arteries).
In a separate analysis each glomerulus in each section of MC,
MP, and normal tissue was examined, and the number of
reactive glomerular cells and total glomerular cells (excluding
PMN and parietal epithelium) were determined. These data are
expressed as positive cells per 100 glomerular cells. To allow
for differences in the number of glomeruli present in each tissue
and for tangential sectioning of glomeruli, group data are also
expressed as weighted means determined as follows: Weighted
mean cells per glomerulus equal the sum of all glomerular cells
in all sections studied in a particular group divided by the
number of glomeruli in all sections of all tissue samples in that
group; weighted mean reactive cells per 100 glomerular cells
equal the sum of all cells reactive with a given antibody in all
tissue samples divided by the sum of all glomerular cells in all
sections reacted with that antibody x 100. Group data were
compared using Student's t test for independent means.
Results
Interstitial mononuclear cell populations. The percent of
nonglomerular renal cells located in the interstitium was 24
2.0 (mean SD) Ifl normal tissue samples, 22 4.2 in MC, and
27 5.4 in MP. Interstitial cells were significantly more
numerous in endstage kidney tissue samples (60 16%) and
increased in only one of five tissue samples from patients with
miscellaneous types of nephrotic syndrome (50%). The relative
proportions of interstitial cells identified by each of the mono-
clonal antibodies expressed as a percent of interstitial cells also
reflects these differences (Fig. 1).
Within each histopathologically defined group most identifi-
able interstitial cells were reactive with antibodies directed
against T cells (OKT3 and TA-i) and with 0KM! which
recognizes monocytes and null cells. Fewer interstitial cells
were indentified as B cells (BA-i and anti-lgD, M) or activated
lymphocytes (OKT1O).
Tissue samples from patients with MC and MP and normal
controls contained similar proportions of cells reactive with
each of the monoclonal antibodies except OKM1 which identi-
fied more interstitial cells in tissue samples with MP (Fig. 1).
Fig. 2. Ratio of cells reactive with monoclonal antibodies OKT8 per
100 renal cells to cells reactive with OKT4 per 100 renal cells in tissues
from normal individuals (N); patients with idiopathic nephrotic syn-
drome with minimal glomerular change (MC) and with mesangial
proliferation (MP); in endstage kidney tissue samples (ES) and in tissue
samples from patients with miscellaneous types of nephrotic syndrome
(MISC).
For comparison, eight ES kidney tissue samples and five
tissue samples from patients with nephrotic syndrome and
histopathologic findings other than MC or MP were studied in a
similar fashion (Fig. 1). A greater proportion of interstitial cells
in ES tissue samples reacted with each of the monoclonal
antibodies than was observed in normal, MC, or MP tissue
samples (P < 0.001 to <0.05). Four of five tissue samples from
patients with miscellaneous types of nephrotic syndrome con-
tained interstitial cell populations similar to normal, MC, and
MP while one tissue sample from a patient with FGS contained
increased proportions of all identifiable mononuclear cells
similar to the findings in endstage tissue samples.
A ratio of the proportions of total renal cells reactive with
OKT8 to that reactive with OKT4 is shown in Figure 2. In most
tissue samples the proportion of total cells reactive with OKT8
was less than or equal to the proportion reactive with OKT4.
However in one MC tissue sample, two MP tissue samples, and
4
3
2
OKT8/OKT4
.
.
I
• •
•
• I
• •
•• $
•
• SI
S
• S
(_) -tJ
C)
Immune cells in idiopathic nephrotic syndrome 91
Table 1. Mononuclear cell populations in glomeruli of normal individuals and patients with nephrotic syndrome as identified by
immunofluorescence microscopy
Patient number
Cell per
glomerulusa
Cells reactive with monocional antibodies per 100 glomerular cells Identifiable cells
per 100
glomerular cellshOKT3 TA-I OKT4 OKT8 OKMI BA-I OKTIO
Normal
1 147 0 0 0 0 0 0 0 0
2 80 0 0 0 0 0 0 0 0
3 104 0.10 0.13 0 0 0 0 0 0
4 102 0 0.35 0 0 0 0 0 0
5 57 0 0 0 0 0 0 0 0
Mean 98 0.02 0.13 0 0 0 0 0 0
Weighted meana 80 0.05 0.13 0 0 0 0 0 0
Minimal change
1 120 0 0.13 0 0 0.10 0 0 0.10
2 111 0.41 0.83 0 0.30 0.84 0 0 1.1
3 91 0.10 0.34 0 0.17 0.14 0 0 0.31
4 139 0 0.55 0 0 0 0 0 0
5 71 0.14 0.12 0.32 0 0.16 0 0 0.48
6 76 0.14 0 0.15 0 0.30 0 0 0.45
7 55 0 0.19 0.29 0 0.23 0 0 0.52
Mean 95 0.11 0.31 0.11 0.07 0.25 0 0 0.42
Weighted meanc 86 0.10 0.21 0.12 0.05 0.20 0 0 0.37
Mesangial proliferation
1 128 0.32 1.2 0.22 0.08 2.8 0.12 0 3.2
2 98 0 2.3 0 0.43 0.95 0.14 0.06 1.5
3 138 0.08 0.20 0.08 0.10 0.07 0.10 0.56 0.35
4 100 0.27 1.1 0.14 0.13 0.30 0 0.16 0.57
5 53 0.24 0.23 0 0 0 0 0 0
6 107 0.63 0.64 0.39 0.22 0.70 0 0 1.3
7 62 0 0 0 0 0.71 0 0 0.71
Mean 98 0.22 0.81 0.12 0.14 0.79 0.05 0.11 1.1
Weighted meanc 102 0.23 1.1 0.13 0.26 0.95 0.08 0.11 1.4
a The mean number of cells per glomerulus (identified by nuclear staining) is shown for each of the seven stained sections examined.
b The sum of cells per 100 glomerular cells reactive with OKT4 + OKT8 + OKMI + BA-I is shown.
Weighted mean cells per glomerulus equal all glomerular cells in all tissue samples divided by glomeruli in all tissue samples; weighted
mean reactive cells/l00 glomerular cells equal all reactive cells in all tissue samples divided by all glomerular cells in all tissue samples x 100.
one endstage tissue sample the OKT8/OKT4 ratio exceeded 2
(Fig. 2).
Glomerular cell populations. The mononuclear cell popula-
tions of glomeruli in normal tissue samples were compared with
those in tissue samples from patients with MC and MP. The
mean number of glomerular cells was the same in these three
groups (Table 1). However, the weighted mean number of
glomerular cells was 80 in normal tissue samples, 86 in MC, and
102 in MP. The number of reactive glomerular cells was greatest
in MP and intermediate in MC while in normal tissue samples
reactive cells were rarely observed. Most identifiable glomeru-
lar cells were reactive with OKM1 (monocytes and null cells)
(Table I, Fig. 3A). In normal and MC tissue samples the mean
and weighted mean determinations were similar while in MP
they differed only for cells reactive with OKT8. The smaller T
cell population (OKT3+) consisted of approximately equal
proportions of cells reactive with OKT4 and OKT8 (Table 1,
Fig. 3B). B cells (BA-I +) and activated lymphocytes
(OKKT1O+) were infrequently observed in MP and were not
seen in MC and normal tissue samples.
Discussion
Prior investigations have implicated cell-mediated immunity
in the pathogenesis of idiopathic nephrotic syndrome [1, 2, 7,
8]. These studies were prompted in part by clinical observations
of disease remission induced by immunosuppressive therapy
and in part by in vitro observations of aberrant T cell function in
patients with this disease [1—81. Furthermore, clinical [10, 11]
and experimental [3, 4] data suggest that the immunopathogene-
sis of idiopathic nephrotic syndrome must involve humorally
transported factors. These data are clearly at odds with classi-
cal observations which relate the manifestations of cell-mediat-
ed immunity in graft and tumor surveillance, anti-viral immuni-
ty and delayed hypersensitivity to the presence in situ of
immunocompetent cells [18].
We have examined 14 tissue samples from patients with
idiopathic nephrotic syndrome: seven with minimal glomerular
change and seven with mesangial proliferation to determine the
extent to which the interstitial and glomerular cell populations
in these tissue samples differ from those in normal kidney
tissue. In addition, we have compared the interstitial cell
populations of these histologically normal groups to tissue
samples from patients with ES renal failure and miscellaneous
types of nephrotic syndrome. That normal mesangium, fibro-
epithelial crescents, and other proliferative lesions have been
shown recently to contain immunocompetent cells [12—14, 19—
21] suggested that such immunohistologic investigation of idio-
pathic nephrotic syndrome might be revealing.
The interstitial cell populations of seven tissue samples with
MC and seven with MP did not differ from normal tissue
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Fig. 3. Cells (small arrows) reactive with monoclonal antibodies OKMJ (A) and OKT4 (B) in glomeruli (G) by indirect immunofluorescence of
tissue from a patient with idiopathic nephrotic syndrome with mesangial proliferation. Large arrows denote Bowman's capsule. In A acell reactive
with 0KM! (unmarked) contains no nucleus. (x900) A small number of reactive cells (unmarked) are present in the interstitium outside Bowman's
capsule in the left upper corner of B. (x950)
samples except for an increase in the number of interstitial
0KM! reactive cells in MP compared with MC and normal.
Interstitial T cell subset populations (OKT8/OKT4) were simi-
lar as well.
The endstage kidney tissue samples examined revealed an
increased number of interstitial cells as expected. Most of these
interstitial cells were identified as T cells (OKT3) and as
monocytes and null cells (OKMI). B cells (BA-l+) and activat-
ed lymphocytes (OKT1O+) were proportionately increased in
endstage kidney tissue samples but not in MC or MP tissue
samples. Tissue samples from patients with nephrotic syn-
drome of miscellaneous types contained variable interstitial cell
populations without a discernable trend.
What role, if any, interstitial mononuclear cells may have in
the pathogenesis of idiopathic nephrotic syndrome remains
unclear. An association of focal interstitial infiltration with
tubular atrophy in various glomerulopathies has been described
[22]. Whether these cells are capable of producing glomerular or
tubular toxins or whether their modest increase in numbers
simply marks tissue injury must await determination of their
functional properties.
In contrast to the apparent nonspecificity of the interstitial
cell populations in idiopathic nephrotic syndrome analysis of
glomerular mononuclear cells revealed some definite trends.
OKT3 and OKMI reactive cells were only occasionally ob-
served in normal tissue samples whereas cells reactive with
these monoclonal antibodies were more frequently observed in
both MC and MP. Further, the number of OKM1+ cells
generally exceeded the number of OKT3 reactive cells in
glomeruli of nephrotic tissue samples. Thus, there appeared to
be some measure of infiltration of glomeruli in idiopathic
nephrotic syndrome.
The usefulness of weighted mean determination is exempli-
fied by the analysis of mean cells per glomerulus. The arithme-
tic mean number of cells per glomerulus in normal, MC, and MP
tissue samples was similar yet the weighted mean (which
accentuates the findings in tissue samples with numerous,
hemispherically sectioned glomeruli) revealed that MP tissue
samples contained the expected excess number of glomerular
cells. On the other hand, the use of weighted means may be
misleading when groups are not entirely homogeneous. Al-
though the weighted and arithmetic means for reactive cells
were generally similar, the weighted mean proportion of
glomerular cells reactive with OKT8 in MP was twice that
reactive with OKT4; this difference largely reflects the absence
of OKT4 reactive cells in the 14 glomeruli present in one of
seven study tissue samples.
The finding of immune cells in nephrotic glomeruli which lack
discernable structural damage is of more than phenomenologic
interest. The mesangium has been shown to contain a popula-
tion of "accessory" cells [12], the visceral epithelium of the
glomerulus receptors for C3b and IgG (Fc) [23], and all epitheli-
urn antigenic determinants shared with lymphohemopoietic
cells [24]. Is it possible that these infiltrating cells communicate
with normal glomerular cells mediating changes in capillary
permeability to protein or could these cells reflect a local
response to a circulating nephrotoxin? Further investigation of
the functional properties of these infiltrating glomerular cells is
warranted.
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